INTRODUCTION
More than a decade ago MacArthur and Wilson (1963 Wilson ( , 1967 ; see also Preston 1962 ) proposed a general model of insular biogeography. This model represents the number of species inhabiting an island as a dynamic equilibrium between opposing rates of extinction and colonization, which are functions of the size of the island and its distance from a source of dispersing species, respectively (Fig. 1) . The model is attractive because it is elegantly simple and generates several robust predictions which can be tested with appropriate field observations and experiments. There have been numerous attempts to test the model and to use it to account for the distribution of diverse organisms among islands and insular habitats. Although some distributions that do not conform to the predictions have been reported (e.g. Barbour and Brown 1974; Brown 1971; Culver et al. 1973; Diamond 1972 Diamond , 1973 Simpson 1974; Terborgh 1975) , the majority of empirical analyses have supported the model. Thus Simberloff (1974) in a recent review stated "...the equilibrium hypothesis has been experimentally confirmed for oceanic islands, proved useful for interpreting many other insular situations, and spawned a mass of research which has given biogeography general laws of both didactic and predictive power."
The primary innovation of the MacArthur-Wilson (M-W) model was the suggestion that recurrent colonizations and extinctions create a dynamic equilibrium in which the number of species remains relatively constant while the identity of species varies over time. The model predicts that species are replaced at a rate inversely related to both island size and distance to a source of colonists (Fig. 1) . Species turnover on islands has been reported (Diamond 1969; Simberloff 1976; Simberloff and Wilson 1969, 1970; Terborgh and Faaborg 1973 ; however, see Lynch and Johnson 1974 , for a critique of the first and last papers), but the predicted relationship between turnover rate and island size and isolation has not been observed empirically. A rigorous test of these predictions is essential to support the M-W model, because a simple, intuitively attractive modification of the model predicts that turnover rate often will be directly related to insular isolation.
AN ALTERNATIVE MODEL
The M-W model represents extinction rate as a function of island size and colonization as a function of insular isolation; the interaction of these two independent and opposing rates determines the equilibrium number of species and turnover rate (Fig. 1) . Realistically, however, the same parameters that affect colonization rate (e.g., proximity to a continent or other source of dispersing species) also similarly affect the rate of immigration of individuals belonging to species already present on the island. When this immigration rate is sufficiently high, it will reduce the extinction rate. This is primarily because demographic and genetic contributions of immigrants tend to increase the size and fitness of insular populations, thereby reducing the probability that they will become extinct. In addition, a high immigration rate also will have a statistical effect in reducing the apparent extinction rate simply by decreasing the probability that a given species will be absent during any census.
We suggest that this effect of immigration upon extinction, which we call the rescue effect, makes the M-W model inadequate to predict the relationship between turnover rate and isolation for many kinds of true islands, insular habitats, and isolated patches of resources. Whenever immigration rates are sufficiently high relative to extinction rates, islands that are closer to sources of dispersing species will have higher immigration rates, and hence lower extinction and turnover rates than more isolated islands. The rescue effect will be increased by the tendency (Diamond 1975) low relative to extinction rates, the rescue effect should be small and the turnover rate should be inversely related to insular isolation as predicted by the M-W model. Thus turnover rate as a function of increasing distance from a source of species should first increase, reach a maximum where colonization and extinction rates are both high, and then decrease (Fig.  2) . On islands more distant from a source of colonists than the maximum turnover rate, the M-W model should correctly predict the relationship between turnover rate and insular isolation. However, for islands nearer a source (to the left of the peak in turnover rate in Fig. 2) a modification of the model is required. We present a model similar to that of MacArthur and Wilson, but which incorporates the rescue effect on the rates of extinction for islands of varying isolation and size (Fig. 1) . In comparison to the M-W model, our model predicts the same effect of island size and isolation on equilibrium number of species, and the same effect of island size but the opposite effect of isolation on equilibrium turnover rate.
TURNOVER OF ARTHROPODS ON THISTLES
We were led to reexamine the M-W model and propose an alternative on the basis of a short-term study of the distribution of arthropod species among isolated thistle plants. In May 1973 we censused spiders and several orders of insects on individual plants of Circium neomexicanum near Portal, Arizona. Two large stands of thistles were censused twice, 5 days apart. Recolonization experiments also were performed by defaunating equal numbers of plants near to and far from other thistles supporting large arthropod faunas.
The results of this study confirmed the major predictions of the M-W model, except that turnover rate was directly related to insular isolation rather than inversely related as expected. The number of arthropod species increased with size of thistle plant and decreased with distance between plants (Tables 1 and 2 In this case the direct relationship between turnover rate and plant isolation probably was produced primarily by the statistical consequences of high immigration rates. The arthropods did not maintain breeding populations on the thistle plants, but visited them for short periods while searching for food or mates. Since several individuals of each of several common species often were present simultaneously on the same plant, high dispersal rates would reduce the possibility that a species would be present in one census but absent in another, thus producing a turnover. This statistical effect of immigration on extinction is similar only by analogy to the reproductive and genetic contributions of immigrant individuals that should reduce extinction rates of breeding populations on true islands or insular habitats.
DISCUSSION
There have been so few studies of equilibrial faunal turnover in insular systems that it is difficult to evaluate the general significance of the rescue effect and the validity of our model until additional empirical observations are made. The model is consistent with the observed turnover of arthropods on thistles, and also with the conclusions of Diamond (1969; but these have been challenged by Lynch and Johnson 1975 ) that the turnover rates for bird species on the Channel Islands of California are inversely related to the number of species present. Immigration rates were observed to be high in the former case and assumed to be so in the latter. Simberloff and Wilson (1969, 1970) observed no significant correlations, either positive or negative, between turnover rates for arthropod species and distance from a source of species in their study of defaunated mangrove islands. It is not clear whether this was due to sampling problems, the fact that their systems were near the point where the relationship between turnover rate and distance from a source of colonists has zero slope, or the difficulty in distinguishing between recolonization and succession, on one hand, and turnover equilibrium, on the other. Although we know of no attempts to measure turnover directly on islands where immigration and colonization rates are very low, the fact that extremely isolated islands have a high proportion of endemics (MacArthur and Wilson   TABLE 2 . Partial correlation analysis of the dependence of number of species and turnover rate on plant size and isolation.
Values are partial correlation coefficients giving the effect of one independent variable (plant size or isolation) when the other is held constant. These results show the same pattern as Table 1 except that plant isolation is the reciprocal of the measure given there. * P < 0.05. ** P < 0.01.
1967, Darlington 1957
) suggests their turnover rates are lower than those islands somewhat nearer to continents. This is consistent with our prediction (Fig. 2 ) that as colonization rates decrease with increasing isolation, turnover rates should first increase and then decrease.
The rescue effect of immigration in reducing extinction and turnover potentially has two important consequences for insular biogeography and ecology. First, recolonization by conspecifics may be an important mechanism enabling some species to persist on islands. This may be particularly true of species that represent early stages in insular taxon cycles and are characterized by species-area curves of shallow slope (Ricklefs and Cox 1972, Scott 1972 Scott 1972) . Second, the rescue effect suggests that the species composition of insular biotas should be more stable and deterministic than expected from the M-W model. High rates of immigration will tend to stabilize and prevent the extinction of species which are favored by suitable habitats, competitive superiority or absence of predators. Thus Brown (In press) has suggested that the primary importance of habitat in determining the number and identity of permanent resident boreal bird species inhabiting isolated mountain ranges in western North America (Johnson 1975 ) is owing primarily to high immigration rates. Low slope of the species-area curve and other evidence indicate that immigration is sufficient to maintain boreal bird populations wherever habitat is adequate.
In retrospect, the rescue effect is intuitively reasonable and seems likely to influence many insular distributions. The M-W model has received so much attention since it was presented more than a decade ago that it is interesting to ask why this potentially important exception went unreported for so long. We suggest two primary reasons; they testify to MacArthur's and Wilson's biological knowledge and intuition and provide interesting insight on the relationship between theory and empiricism in contemporary population biology. First, because the M-W model is so elegantly simple and most of its predictions correspond to the observations and intuition of ecologists and biogeographers, there was a tendency to accept the model before it had been tested rigorously. Second, the most easily checked predictions were tested repeatedly and Diamond 1972 , Terborgh 1975 . As a result the model was widely regarded as having been confirmed empirically before the crucial predictions about dependence of turnover rate on island size and isolation had been tested. The fact that we obtained conflicting data and were able to reconcile them with most of the existing data on insular species diversity and turnover by constructing an alternative model, demonstrates the necessity of testing all possible predictions and assumptions of such models to avoid "making the right prediction for the wrong reason" (Dayton 1973) .
Careful analyses of turnovers of insular species populations are required to test and distinguish between current models of island biogeography. There are obvious reasons why such work has proceeded slowly. It is difficult to perform controlled experiments on a biogeographic scale, although Simberloff and Wilson (1969, 1970; Simberloff 1976 ) have had the imagination and practicality to do so with great success. An obvious alternative is to work with smallscale, analog systems that are easier to observe and manipulate (e.g., Cairns et al. 1969, Maguire 1971 , Schoener 1974 , Siefert 1975 . Valuable insights may come from analyzing the dynamics of colonization and extinction on thistle plants or artificial sponges, but these must be regarded as hypotheses until they can be tested rigorously on a biogeographic scale.
